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Objectives: Postoperative bleeding represents a life-threatening complication after pancreatic surgery.
Recent developments in interventional radiology have challenged the role of surgery in bleeding control.
This study aimed to assess the management of major haemorrhagic complications after pancreatic
surgery at a tertiary referral centre.
Methods: Between August 1998 and June 2009, 18 patients with major bleeding after pancreatic
surgery were admitted to the University Hospital of Zurich, Zurich, Switzerland. We retrospectively
analysed their medical charts, focusing on diagnosis, therapy and outcome.
Results: Major arterial bleeding occurred after a median postoperative interval of 21.5 days (range:
9–259 days). Seventeen patients demonstrated various symptoms, such as repeated upper gastrointes-
tinal bleeding or haemorrhagic shock. Diagnosis was usually made by contrast-enhanced computed
tomography (CT). Leakage of the pancreaticojejunostomy caused the formation of a pseudoaneurysm in
78% of patients. Haemostasis was achieved in 10 patients by interventional radiology. Two patients died
of massive re-bleeding. Six patients underwent primary emergency surgery, which five did not survive.
Conclusions: Delayed bleeding after pancreatic surgery is suspicious for a pseudoaneurysm. Contrast-
enhanced CT followed by early angiography provides accurate diagnosis and treatment. Interventional
radiological treatment should be preferred over primary surgery because it is currently the most life-saving
approach.
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Introduction
Despite significant reductions in perioperative mortality rates in
pancreatic surgery in high-volume centres, reported morbidity
rates have remained high during recent years.1 Surgical morbidity
mainly concerns three distinct complications: delayed gastric
emptying (DGE); pancreatic fistula, and bleeding complica-
tions.1,2 Whereas DGE resolves completely with conservative
treatment, pancreatic fistula and postoperative bleeding often
require interventions to prevent a detrimental outcome. Massive
visceral arterial bleeding represents a rare but life-threatening
complication that typically occurs with some delay after
surgery.3–5 Different mechanisms have been reported to cause
major visceral arterial bleeding, including extensive arterial dis-
section during lymphadenectomy that damages the vessel wall,6,7
and digestive leakage and local abscess formation that may destroy
vascular structures and sutures.8–10 Necrosis of the vessel wall has
been reported to occur as a result of mechanical irritation caused
by drains or ascending infections along the drain.11 Irrespective of
the aetiology, the stepwise destruction of the vessel wall promotes
the formation of pseudoaneurysms of the superior mesenteric
artery (SMA) or branches of the coeliac trunk.
Early identification of bleeding remains difficult because of the
lack of specific symptoms. Repeated episodes of gastrointestinal*These authors contributed equally to this paper.
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bleeding or a decrease in serum haemoglobin without adequate
correlate, recognized as ‘sentinel bleeding’, may precede major
bleeding from pseudoaneurysms and should initiate rapid assess-
ment to prevent haemorrhagic shock and associated poor out-
come.3 The standard treatment for major visceral arterial bleeding
used to be emergency surgery, in which surgical interventions
ranged from simple ligature of the bleeding vessel to sophisticated
vascular reconstructions. The advent of modern imaging tech-
niques and recent technological developments in interventional
radiology apparatus offer novel alternatives to the surgical treat-
ment of this serious complication, which have consequently chal-
lenged the role of surgery in these high-risk patients.3,12
The aim of the current analysis was to assess the diagnostic
workup and management of major visceral arterial bleeding after
pancreatic surgery in our institution during the last decade.
Materials and methods
All patients treated for bleeding complications after pancreatic
surgery between August 1998 and June 2009 at the Departments
of Surgery and Radiology, University Hospital of Zurich, were
included in this current analysis. Patients with bleeding compli-
cations related to pancreatic trauma, chronic or necrotizing pan-
creatitis, or bleeding from primary vascular inflammatory diseases
were excluded. Patients were identified from prospective databases
in the Departments of Surgery and Radiology. Their medical
charts, as well as data pertaining to radiological examinations and
interventions, were reviewed.
Definition of bleeding
Postoperative major visceral arterial bleeding was defined as
radiologically (angiography, contrast-enhanced computed
tomography [ceCT]) or surgically proven bleeding from main
branches of the coeliac axis or the SMA beyond the first postop-
erative week after pancreas resection. This definition allows the
exclusion of early postoperative bleeding caused by technical
failure to secure haemostasis intraoperatively and pre-existing
coagulation disorders. Other sources of bleeding, such as areas of
resection, anastomotic suture lines or gastric ulcers, were also
excluded.
Interventional radiology
If necessary, resuscitation to restore haemodynamic stability was
performed prior to emergency abdominal angiography by an
emergency anaesthesiology team.
Unless patients were already intubated, all procedures were per-
formed under local anaesthesia. Angiograms and interventions
were carried out on a dedicated system (Intergris V5000®; Philips
Medical Systems International BV, Best, the Netherlands) in a
standard fashion. Following percutaneous transfemoral visceral
angiography with 5-Fr catheters to confirm the bleeding source,
embolization was performed with either 5-Fr or coaxial 3-Fr cath-
eters and 0.035″ or, respectively, 0.018″ fibred metal coils.
If balloon-expandable stent grafts (Jostent®; Abbott Vascular
Instruments Deutschland GmbH, Rangendingen, Germany) were
used to exclude the pseudoaneurysms, they were mounted on
low-profile balloons (Savvy®; Cordis BV, Roden, the Netherlands)
and introduced with long 6-Fr sheaths positioned in the coeliac
trunk or the SMA.
Statistics
Results are given as median and range, respectively.
Results
Eighteen patients with major visceral arterial bleeding related to
pancreatic surgery were treated at our institution during the study
period. Six patients were referred from outside hospitals and 12
had undergone primary surgery on the pancreas at our institu-
tion. Indications for surgery and patient characteristics are sum-
marized in Table 1. Surgical procedures included classical
pancreaticoduodenectomy (n = 10), central pancreatic resection
(n = 2), pancreatic tail resection (n = 1), combined gastrectomy-
splenectomy-pancreatic tail resection (n = 1), double bypass for
non-resectable pancreatic cancer (n = 1), choledochal cyst resec-
tion followed by hepaticojejunostomy (n = 1) and pancreaticoje-
junostomy (n = 2).
Clinical presentations
Five patients were admitted directly to the Department of Radi-
ology from three different hospitals. These patients were referred
Table 1 Patient characteristics
Patients, n 18
Gender, male/female, n 11/7
Median age (range), years 58 (39–82)
Indications for surgery, n
Choledochal cyst 1
Insulinoma 1
Chronic pancreatitis 2
Mucinous cystadenoma 3
Bile duct cancer 3
Pancreatic cancer 6a
Giant chronic duodenal ulcer 1
Intraductal papillary mucinous neoplasm 1
Type of surgery, n
Duodenopancreatectomy 10
Central pancreatectomy 2
Distal pancreatectomyb 2
Double bypass 1
Hepaticojejunostomy 1
Pancreaticojejunostomy 2
an = 1 ampullary cancer
bIncluding splenectomy and gastrectomy
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for interventional bleeding control after major visceral arterial
bleeding had been diagnosed by endoscopy, CT scan or according
to the clinical deterioration of the patient. One additional patient
was admitted in haemorrhagic shock to the Department of
Surgery after a complicated postoperative course with several sur-
gical re-interventions at the referring hospital. Two patients were
referred by their general practitioners with new onset of gas-
trointestinal bleeding to the Department of Surgery, 44 days and
259 days after pancreatic surgery, respectively. The remaining 10
patients developed major visceral arterial bleeding during hospi-
talization for the primary surgery at our institution.
All but one patient presented clinical symptoms. Seven patients
(39%) had repeated gastrointestinal bleeding, which was haemo-
dynamically relevant in one. Another eight patients (44%) devel-
oped haemorrhagic shock as a first symptom. Four of them
revealed increasing bleeding through an intra-abdominal drain.
New onset of abdominal pain was the first symptom in two
patients. The final patient demonstrated a steady decrease in
serum haemoglobin without clinical symptoms until admission.
All nine patients with haemorrhagic shock and haemodynami-
cally relevant gastrointestinal bleeding were transfused. The
median interval from the initial operation to major bleeding was
21.5 days (range: 9–259 days).
Diagnosis
The primary diagnosis of major visceral arterial bleeding was
made by abdominal ceCT in 16 patients (89%). As spiral CT
scanners were developed during the study period, CT technology
ranged from single- to multi-slice technology. One patient
required immediate surgery in the intensive care unit, where the
bleeding suddenly occurred. Another patient primarily under-
went diagnostic angiography, which identified a bleeding
pseudoaneurysm of the SMA. All patients who were admitted
directly to the Department of Radiology had been diagnosed by
CT with major visceral arterial bleeding at the referring hospital.
Causes and sources of bleeding
Sources of bleeding in the 18 patients are summarized in Table 2.
The most common cause of major visceral arterial bleeding was
leakage of the pancreaticojejunostomy, which occurred in 14
patients (78%) and was diagnosed either by high amylase content
in peritoneal drains or by local fluid collections at the pancreatic
remnant on the CT scan. Of note, in 12 of these 14 patients, a soft
pancreas was found intraoperatively during the index operation.
One patient revealed a leakage of the hepaticojejunostomy and
one had a liver abscess. The cause of major visceral arterial bleed-
ing could not be determined in two patients.
Treatments
Twelve patients (67%) were transferred to the interventional radi-
ology suite after resuscitation to restore haemodynamic stability.
Immediate haemostasis was achieved in 10 patients by interven-
tional means (primary success rate 83%). Three of the 12 patients
required at least two interventions to achieve definitive control of
bleeding. Interestingly, one re-bleeding occurred 80 days after the
first embolization. Coiling was performed with different types of
coil in all 12 patients and three patients underwent additional
stent grafting. Two patients died as a result of massive re-bleeding
and ischaemia-relatedmulti-organ failure although initial haemo-
stasis had been successfully achieved. After diagnostic angiogra-
phy had revealed a pseudoaneurysm of the SMA as bleeding
source, one patient underwent primary vascular reconstruction
with a polytetrafluorethylene (PTFE) graft instead of an interven-
tional treatment.
Six patients (33%) underwent emergency surgery. The hepatic
artery and the stump of the gastroduodenal artery represented the
source of bleeding in four and two of these patients, respectively.
Although two patients did not undergo preoperative CT as a result
of sudden haemorrhagic shock, four patients were haemodynami-
cally stabilized and underwent emergency ceCT. One of these
patients revealed major bleeding from both the common hepatic
artery (CHA) and the main portal vein. These vessels were
repaired by resection and direct re-anastomosis or graft interpo-
sition, respectively. This patient died of multi-organ failure after
three re-operations and one embolization for bleeding control. A
ruptured pseudoaneurysm of the CHA was identified as the
source of bleeding in another patient during emergency surgery.
Massive adhesions in the upper abdomen made the adequate
exposition of the bleeding vessel impossible and the patient died
within a few hours of surgery because haemostasis could not be
achieved. In five patients, adequate exposure of the bleeding
vessels was possible when the hepaticojejunostomy was taken
down. Completion pancreatectomy was not performed in any
Table 2 Sources of bleeding and treatment
Site of bleeding, n
Splenic artery 4
Superior mesenteric
artery
1
Common hepatic artery 6
Right hepatic artery 3
Proper hepatic artery 1
Gastroduodenal artery 2
Jejunal artery 1
Treatment, n
Surgery 6a
Arterial graft 1
Direct suture 5
Interventional 12b
Embolization 11
Stent grafting 3c
aOne patient had an embolization for re-bleeding
bThree patients underwent more than one intervention
cAll three patients underwent additional embolization
134 HPB
HPB 2011, 13, 132–138 © 2011 International Hepato-Pancreato-Biliary Association
patient. Four patients died after multiple surgical revisions failed
to control bleeding.
Outcomes
Six patients (one after interventional radiology, four after primary
surgery, one after surgery and secondary embolization) died
during the postoperative course at a median of 41.5 days (range:
16–81 days) after the index operation. Thus, the overall mortality
rate was 33%. All patients who died demonstrated major bleeding
for which haemorrhagic shock represented the first clinical mani-
festation. Five of them had a centrally localized pseudoaneurysm
of the CHA and four had a pancreatic fistula.
Discussion
Major visceral arterial bleeding is a rare but typical complication
after pancreatic surgery; nevertheless, a generally accepted defini-
tion and classification have been lacking for a long time.1 Reported
incidence rates range from 1% to 12%, largely because the various
series do not differentiate between early and delayed bleeding of
various origins.8,11,13–17 The International Study Group of Pancre-
atic Surgery (ISGPS) recently proposed that postoperative haem-
orrhage can be defined by the time of onset of bleeding, the cause
and localization of bleeding and, finally, by the severity of bleed-
ing.18 Whereas early postoperative bleeding is primarily related to
surgical failure to achieve secure haemostasis or is secondary to
pre-existing coagulopathy,19 late postoperative haemorrhage is
highly suspicious for bleeding from an erosion of a pseudoaneu-
rysm of a major visceral artery. The estimated incidence of
delayed major visceral arterial bleeding appears to be 1.5–
4.0%.4,9,14,15
In the present series, we analysed outcomes in 18 patients with
delayed major bleeding after pancreatic surgery. The vast majority
of episodes of bleeding (89%) were caused by pseudoaneurysms;
the remaining two (11%) cases involved bleeding from the stump.
Furthermore, most episodes (78%) occurred as a consequence of
a leak at the pancreaticojejunostomy.
The consensus statement of the ISGPS on the definition of
postoperative bleeding after pancreatic surgery distinguishes
early from late bleeding.18 The ideal cut-off for the definition of
early vs. late bleeding, however, remains controversial and some-
what arbitrary. Although the ISGPS proposes a cut-off of 24 h,
others have used cut-offs of 5–7 days post-surgery to define ‘late’
bleeding.19–22 As the likelihood that technical failure and anasto-
motic bleeding represent the cause of bleeding decreases and
that of major visceral arterial bleeding increases with time after
surgery, we excluded patients who experienced bleeding episodes
during the first week after surgery. This exclusion makes the
Figure 1 Radiodiagnosis and treatment of a bleeding pseudoaneurysm in a 71-year-old patient with major bleeding after a complicated
course with pancreatic fistula 80 days after pancreaticoduodenectomy. (A) An abdominal computed tomography scan demonstrates a
pseudoaneurysm of the common hepatic artery (CHA) (arrow). (B) Contrast extravasation indicates an active arterial bleeding (arrow).
(C) Angiography shows this extravasation of the CHA after embolization of the left hepatic artery for an additional bleeding (arrow).
(D) Post-interventional result after stenting of the CHA
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patient population more homogeneous and increases the power
of the analysis.
In accordance with the literature, major visceral arterial bleed-
ing was caused by the formation of pseudoaneurysms in nearly
90% of the patients in our series.8,11,14,23 Pancreatic fistula at the
pancreaticojejunostomy caused the formation of a pseudoaneu-
rysm in more than 75% of our patients. A soft pancreas, which
represents a well-known risk factor for pancreatic fistula,1 was
found in the index operation. Consequently, the presence of post-
operative pancreatic fistulae is the most important single factor
predisposing to pseudoaneurysm formation and delayed major
visceral arterial bleeding. The prevention of pancreatic leakage is
therefore of the utmost importance. Patients with known pancre-
atic fistulae must be carefully followed in order to diagnose any
pseudoaneurysm early.
Because the formation of a pseudoaneurysm is a subtle process,
minor bleeding episodes may occur repeatedly. Although minor
extraluminal bleeding into the abdominal cavity often remains
clinically undetected, bleeding into the gastrointestinal tract gen-
erally becomes clinically overt faster. In this current series, half of
the patients experienced episodes of ‘sentinel bleeding’, a finding
that compares well with rates reported in the literature.15,16,18,20
Given the potentially fatal outcome of major visceral arterial
bleeding, any episode of sentinel bleeding must prompt immedi-
ate diagnostics and treatment.3,15 The absence of a sentinel bleed,
however, does not reliably exclude major visceral arterial bleeding.
Surgical access to the bleeding source is usually impaired by the
overlying pancreatico-enteric and bilio-enteric reconstruction,
postoperative adhesions and inflammatory reactions. As a conse-
quence, a targeted approach is often not possible and completion
pancreatectomy becomes unavoidable in the effort to achieve
good exposure and obtain haemostasis. Modern radiological
equipment offers opportunities for less invasive treatment to
control major visceral arterial bleeding,3 with reported success
rates ranging from 80% to 100%.6,9,10,12,15,17,23
As a basic principle of interventional treatment, the bleeding
vessel is embolized by (micro)-coils proximally and distally to the
source of bleeding, as direct embolization of the leak within the
pseudoaneurysm is not successful. Embolization should be as
selective as possible to minimize organ ischaemia. Pseudoaneu-
rysms of the splenic artery are best treated by the complete embo-
lization of the artery because the blood supply to the spleen is
preserved by short gastric arteries. Complete embolization of the
main hepatic artery should be avoided to prevent hepatic insuffi-
ciency and necrosis formation7,16,19 (Fig. 1). If stent grafting of the
CHA is not possible as a result of local anatomy, bleeding control
requires complete embolization despite its risks for hepatic
ischaemia.7,16 The treatment of pseudoaneurysms of the SMA or
Gastrointestinal bleeding
Endoscopy Angio-CT
Endoscopic
bleeding control
Angio-CT
Endoscopic
bleeding control
Angiography/
emergency laparotomy
Observation
(re-evaluation)
Angiography
interventional treatment
Observation
(re-evaluation)
Haemodynamically
unstablestable
Endoluminal bleeding
Yes No
Endoluminal bleeding
YesNo
SufficientInsufficientSufficient Insufficient Active bleeding
YesNo
Figure 2 Algorithm for the management of delayed visceral arterial bleeding according to the severity of bleeding. CT, computed tomography
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the coeliac trunk requires stent grafts of the affected arterial
segment to preserve vascular patency and avoid extensive mesen-
teric infarction.20,24,25 Although two patients required more than
one intervention, the overall success rate of interventional radiol-
ogy was high in our series, as only one patient required surgery
after interventional treatment.
Our results confirm that major visceral arterial bleeding
remains a life-threatening condition with an increased mortality
rate (33%). Furthermore, our data clearly suggest that interven-
tional treatment is superior to surgery in terms of survival. Inter-
ventional treatment does not carry the additional risk of injuring
other organs and allows completion pancreatectomy to be
avoided. Interventional treatment should therefore be considered
a first treatment option. To this end, even in unstable patients, the
restoration of haemodynamic stability should always be
attempted because angiography will provide diagnostics and
treatment within one intervention. Surgery remains a final option
in which a deleterious outcome is probable because only severely
unstable patients in whom resuscitation has failed eventually
undergo emergency surgery.
The role of surgery may be limited to treating the underlying
cause of major bleeding (i.e. intra-abdominal abscess and persist-
ing pancreatic leakage).
In conclusion, delayed major haemorrhage after pancreatic
surgery must be attributed to a bleeding pseudoaneurysm of a
major visceral artery until proven otherwise. Repeated episodes
of minor bleeding may precede fatal bleeding and should there-
fore prompt immediate diagnostic workup to avoid the occur-
rence of deleterious haemorrhagic shock (Fig. 2). Endoscopy
may be useful to exclude intraluminal bleeding caused by ulcer
and suture lines. Massive intraluminal bleeding or failure to
detect the source of bleeding are highly suspicious for a bleeding
pseudoaneurysm of a major visceral artery. Given the pathogen-
esis of pseudoaneurysm formation, scheduled follow-up CT
scans should be considered in patients in whom the periopera-
tive course is protracted, particularly in those with proven pan-
creatic fistulae. Interventional radiology performed by an
experienced radiologist provides the best treatment for major
visceral arterial bleeding and should be preferred over emer-
gency surgery whenever feasible.
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